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The use of microelectrodes for steady-state measurements is less well
developed but has special promise for sensors and monitors in cases where
power and size are important constraints (Montenegro et al., 1991). The
size and shape of microelectrodes can be tailored specifically to the analyti-
cal problem. The nature of the electrode response depends on the time scale
of the experiment. Electrode arrays can be fabricated with thousands of
small elements. Lithographic procedures raise the possibility of very low
per-itern cost of manufacturing identical arrays.

Pulse Voltammetry (Osteryoung, 1988;
Osteryoung and O'Dea, 1986)

Modern pulse voltarnmetry employs stepwise changes in potential, the
sequence of which is controlled by software. Thus, the exact choice and
timing of potential steps can be tailored to the specific analytical problem.
Standard pulse sequences routinely employed in electroanalytical investiga-
tions include those of square wave, normal pulse, and other voltammetries.

The current resulting from a chemical reduction is directly proportional
to concentration and typically can be measured with a relative precision of
0.2% and an absolute accuracy of better than 1%. For typical conditions
and electrodes of conventional size, the change in current per change in
concentration is on the order of 70 nanoamperes per micromolar. Detection
limits in the worst case are about 1 micromolar and are typically 0.1 micro-
molar; in favorable cases, nanomolar concentration detection limits can be
achieved. The linear range, over which signal is proportional to concentra-
tion, is typically a factor of 104 to 106, for example 10 nanomolar to 1
micromolar.

The response, though of low resolution, is specific to the reacting spe-
cies. It is possible, therefore, to determine metals in a specific oxidation
state [e.g., As(III)] or as a specific complexed ion. Particulate material
does not affect the response of the electrodes to dissolved material. The
electrochemical behavior of organic compounds tends to be similar for dif-
ferent compounds in which the same functional group is reacting. Thus,
voltammetric measurements can be used to give semiempirical quantifica-
tion of classes of compounds without going through the expense and diffi-
culty of determining the identity of individual compounds present. Mea-
surements can be carried out at characteristic times of 10 microseconds to
10 seconds, thus providing considerable scope for optimization.

Stripping Voltammetry (Zirino, 1981; Shuman and
Martin-Goldberg, 1984; Van eler Berg, 1989)

Voltammetry can also be employed in the stripping mode; that is, the
material of interest is accumulated in or on the electrode, and once concen-